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THE EFFSCT- OF INITIAL- DISPLACEMEIT COF TEE CENTER STPPORT
ON THE BUCEKLING OF A COLUME CONTIHUOTS OVER THREE STUPPORTS

3r Euzeno E. Lundguist and Joseph I, Xotanchlk

SUMMALY

A lcns colunn contiruous over thrae supports was
taosted to determine its criticel load whon the conter sup-
port was glver varylang cmounts of initilsl 4isplacemont.
During ooch toet ths nmiddle support woe hingoad so os to bo
free to move parallel to the column axls during buckling.

T1e criticel loads predicted from lcad-deflection

realiiags were Ailfferent for the upmer anda lower sDp&ns.
Tae larzer predlicted eritical load ir eack t:st was for
the span that, on duckling, deflected s0 &8 to d=apen the
l1aitial cdeflzction curve of the snar and tae smellar pre-—

icted criticel load in escn test wes for the span that,
on btuelzling, cdeflected =20 as to sirsigiten out end roeverso
the initlal Acflociion curve of tho svan. Theso obserra-
tlois held ropardless of whother the inftial écflectlon
of tho center sunport wae to the right or thas loft.

The differonco tetweean the critical losds predictoed
for the upper and lowsr srans 1s proportional to the in-
1tizl deflection nf tue centour support. The ciffercnce
noted in thosc tests 1s not largs in torms of errors Dor—
misslble in practicel dosign. The fact that a difforence
exlists in tho rprodicted criticel loads suvggests thet an
indiscriminato single application of tho Soutkwell method
as.proascnted in roference 2, or as modified in rafereacec
1, can rosult in dofinite ané measurabic errors.

Tho averege of tho prcdicted critical loads for thc
uppor rnd lower spans 1s morc corrcct than oither pre-
dicted critical load. This obscrvation suggests that
whatoevor is causing the predictod critical locd to be
high 13 cna spen also causce the prodicted criticel load
0o be low 1ln the other span,

The average of the prodicted critical locds for tho
uppor oand lower spans is reduced dy initial displacomont
of tho center support and this rcduction tonds to incroaso
with tho absolute valuo of tho iaitiecl displncemcnt. 1In




thoso tosts the reiuctlon in the average critical load
cansed by initial displacement of the center support is
very small, This fact indlcatezs that the effect of cur-
vature due to hending on the crltical load for the com-
preegsion flange zaterlal c¢f a box becam is probably small
and can %e nejlected In engineerliag design.

IFTRODUCTICN

Ia thoe course ¢f a discussion with Lt., Col. Carl F.
Grecene, Air Corps Lialson Officer with the IJACA, of the
effect of curvaturo due to tending or the ceritical losd
for the cecmdrossion flunge nmaserial of a tox beam, it was
decided to ta8%t a lorg column continuous over thrcs sup—
porte with tho midfie suyport given an initial displace-
ment to reproscenrnt the curvaturce of bondisg in a2 streescd-
skiz winge In tko test the middlec support was hingod so
~as to e freo to nmove parallel to the column axis during
buckling., It wes considerod that this type of supoort
would Do & rcasonablc approximction to the typec of supvort
provided by tko ribs of tiec “ox Dbear.,

APPARATUS AND METHOD

The t2st set-up is shown in figuvros 1, 2, and 3. A
dlagrammatic skatekh of the teet 1s shown in Ffiguro 4,

T, long continuous column uscd in tho tosts wos a
3/4~incz=diameter stecl bar 67-7/8 inches botweon the ond
knifao edgos. Thae riddle of tik2 coniinuous column was sup-—
portod leternlly by a stiff sirut 12-~7/8 inches long. One
enxd of tkis sirut was pin-joinod to the contizuous column
at its niddloe. The axis cf this pin Joint was nade 1o
interscet tac rxis of %hc eolranm z2 os t2 romcve any Tos—
siblo aaverse cffeets >f nn eeccentric pir Joirnt ~t trhis
locetlones Tho othcr end cf *he laiteral supporting strus
woe pin-Jeised to o rizid supporting structurc in suck
nanrer that the nmiddle of the continucas colunn could not
dofleet nornnl to the initial doeflectioxz.

Juring coch test dofloction roodings at the niddle
of cackh span wercs taken from o fixzud rafecrencoe point on
the slottod tonsion rod of the tosting nocalne wilth an
insido micrometer cnlipor roading to thousandtks 27 an
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. .inch. The micrometer caliper ard its.extenslon bar are

not showa in figures 1, 2, and 3.

In each test the specimen was loaded through the
game range of loads. Thereforo the small errors in the
loads indlcated by the testing machine cancel wvhen com-
paring the results of one test with the results of an-

nther tost,.
RESULTS

The load-deflectlion readings taken durilng this l1laves-
tization are given in tables I to VII inclusive. These
dato are plotted in figures 5 to 11 inclusive, from waich
tiie predicta2d locds ars obtained in the menner of refer-
ence l, Thuse predicted londs ere listed in teble VIII,
In fiwuro 12 tk>» difference botwoen taoe prodicted criti-
cal loac for tho uppor and lower spans is plotted against
the 1altlal deflectlon of the ceantor suppor%. In TFigure
13 the average vrluwo of thoe preiicted criticrnl loeds 1s
plotted aralnst the 1nitipl defloction of tha conter sup-—-
porte

in oeach test Puckling occurred wilth deflcetlorn to the
right in tho uppor span and defloction to the left in the
lower spoi. Tho tost for which the initial defloctlon of
tke centoer support woas C.749 inch was the lost toct por-
formod. 1Ian this test the column wos loedod %o destructlon
and tho maxlipum load was found to Le 3810 pournds.

CCECLUDING LISCUSSION

Inspoctlion of table VIII shows thot the eritical
loads predicted from load-deflection rocdings wero diffor-
ont for tio uppor snd lowor spans, Thae larger predlcted
criticnl locd in cach test woae Sfor the spon that, on
buckling, dcflocted so os to doepen tic inltiel doflaction
curve of theo span nrd the smaller predictod criticel loand
in occh tost was for the span thot, on dbuckling, deflocted
so0 as to siraighton out on? rcvorso tho initinl deflection
curvo of tho spen. Theso obsoervatioans held rogardloss of
vhatihaor tuc inltial deflocition of the ccuntor support was
to tho rizht or the left.
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Figurc 12 ekows that tho diffcrorco betwoon tha crit-
icrl load prodletol fecr tho upper and lower s»ans is pro-
portionnl tc thao Initlal deflactlion of the coater suprort.
The {iffcronco rcted in thoea tosts 12 ot large in torms
of crrors pormisseiblo in practicnl design. Tas fact thot
o difforonce oxiegts in tne predicted criticrl londs sug-
gests that rz 1zdlscrimiqnio singlo z~oplicotlon eof She
Soutkvell rmathsd, as preserntel ia rafercauce 2 or as rcil-
fied i1xn referoicz 1, can result ia Adefinite and zeasureblce
erroirs. 1t 1ls thoereforo desiranvle %o stuay the cnuso of
tho dAifforoance in the prodictel critical loerds in orler to
doturziano vhother or not the error could ever boconz larsze
cnouzh %o be of praciical importance in cagincoerling appli-
cotions,

I~ tnc ono test si-ot wes zarriocd to destruction, the
follovwing wvalucc wore cbtriced:

Prosictad criticrl locd, wpper spon zes? 1b

H

Predicte” critical 1load, lower spen 3757 1b
Average pridicted critical loald 2627 1b
moxinun loaé 1a Zesitraction tass 3810 1b

From threse reaults it 1is concluded tkat $ze average of the
rrellictel critical loads for tie upver zad lower spauns is
more correct than clither predicted critical loemd. Tuis
observation suv;gests Shat viatcrer is causing the predict-
ed critical load to bz higk in one sper also causes tlhe
pradictcd erisicel lozd wo be low in the othor spen.

It is corciuded from fizure 13 tkat the averagas value
of the predictz¢ critizal loais is roduced Ty initiel dis-—
placcenent of the ceater surpori &rd this redrction terds
tc incrzaze wlth the wbsolvto vuluc of the initial dis-~
placcmont, In these tests the wrediattlon in the average
pPrediicted erliticel load cavsed by iaitial displeceneut of
the centsr support ia, However, very small, Taie fact
indicates that tke sifect '¢f curveturs 4dus to berndi=g on
tho critical load for tho compression flange material of
a box beaz is probadly smail and can be ncglected in ern-~
Elneerirng decign.

Tho0 fact that negoative initial displacemcnt ¢f the
center sunvort gevo lowor a2verazo predicted crltical loais
tban corrospouding posltive ianitial displacements indi-
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catos that there may havo toeen & lack of perfoct symmoetry
and centrel loanding. The fact that, on dbuckling, tke up-
per span always doficeted to the right and tae lower span
to the left secms 3o suppert the suggestlon that perfoct
symnetry and central loading wore not aczleved.

It is posegible tkhat a differeace 1a the loading con-—
diticrs in the two speas when thao cerntsr support is ini-
tially doilected causoe the predicted critical loads for
the two spans to diffor. Certalnly a differeace in loadilng
exlets whon doflaeciticn, on bucklinz, deoepons the initlal
deflectlon curve of ona span aud stralghtons out aad re-
vorses tae initiel deflectlioa curvo of the cther span.
Ingpcotion of tatles II to TII incliusivo shocwe tkat for
the scmo incroment of lowd P-P;, +the iorgor iceremont
o? deflactilon -7, is always obtoined *rhen the daflec—
tlon, on bucklirg, duvezons tho 1initial doflectlon curve
of tle swan, The oxistence of diffcerent lncrsmcnts of
deflecetlon forr tha caome facreaent »Ff looéd coaa only mecn 2

differeaco 1o the loeding conditlons for thc two spanse.

Lan;ley llemorial Acrorauitical Iabvoratory,
Dotional Advisoryr Committee for Acronauiics,
Laongleoy Flelld, Ve,
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Tables 1,8,3
TARLE I
Losd-Deflection Data
Inttisl Deflection at Oenter Bupport O inches.
Uppexr Span ) ) Lower Span
, Py = 3000 1b. Py =-3000 1b.
¥1 = 18.191 in. 7, = 18.114 1n.
r(lb) :
y-ry ™1
y =71 PP b 4 rn P-By
(1n.) . (in.) =5
(1n.) | (1b) (ﬁb) (1n.) | (1v) (1n/1b)
3000 [18.191 | © o 18.114| o 0
3200 |18.204 | .013 200 |0.00006%0 | 18.104) ~.010 | 200 | -0.0000500
3400 [18.224 | .033 400 :.a.ggi -.05 | 400 | - .00007TS5
3500 |18.244 "832 200 .0001060 | 1a. -.0 500 | - .0001000
3600 [18.27% | . 00 | .0001400 | 18.0%1 | -. 600 | - .0001
3700 m'fﬁ .159 700 | 0002271 | 17.954| -.260 | 700 | - .oooegzs
3150 ]18. .260 7%0 | .000346T | 17.854| -.260 | 730 | - .0003A6T
TABLE IT

Load-Deflection Data
Initial Defleotion at Center Support O0.453 inches.

Upper Span Lower Span
P Py = 3000 1h. Py = 3000 1b.
¥) = 18.556 in. ¥, = 18.470 in.
(1b)
y |vn |»n FE’-’l y | PR rzp;,ﬂ
in. in. 1b . .
(1n.) | {in.) | (1b) (1n/1b) (in.) { (in.) | (1D) (10/1b)
3000 | 18.556 o] (¢) . 18.470 o] (]
3200 | 18.5% | .020 200 {0.0001000{ 18.461] ~.009 | 200 |-o. 50
3400 | 18.605 ! .049 400 | 0001225 | 18.444| -.026 400 - .0000650
3500 | 18.635 | .079 500 | .0001580| 18.424| -.046 500 -.0000920
18.677 | -121 600 | .0002017{ 18.385) —-.085 600 -.0001417
3700 | 18.796 | .240 T00 | -0003429 | 18.269{ —.201 TO0 -.0002871
-

TABLE ITI

Load-Defleotion Data
Initial Defleotion at Center Support -0.447 inches.

. Upper Bpan . Lower Span
P P; = 3000 1b. Py = 3000 1b.
¥1 = 17.833 in. y1 = 17.7M 1n.
(1b)
y |r¥n |rp IR y n | PR Yy
=y
(1a.) | (1n.) | @ab) | oy | (ana) | (ana) | (am) (ﬁ)

%000 | 17. o 0 17.741| o 0

3200 17.33 .010 200 |0.0000500 | 17.724{-.0a7 | 200 |-0.0000850
3400 | 17.863 | -030 400 oooo'rzg 17.691 -.gg 400 -. 0001250
3500 {;3.555 052 500 | +00010 gg o8 500 | -.0001620
3% | 17983 | (152 | €30 | -0002398 | 17.547 | 134 | 630 | —iocoasda

L Y
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TABLE IV

Load-Deflection Data
Initial Deflection at Center Support O.T49 inches.

Tables

Upper fpan - Lower Span .
P Py = 3000 1b. Py = 3000 1b.
yl = 15.1“2 in. Tl = 15-6& in.
1w Y-y
y »r1 | B = y rr | PRy I 73
(1n,) | (1n,) | (2D) (1n/1b) (in.) | (m.) | (1D) (!.Fﬁnllw
3000 | 18.742 | © 0 18.662| o 0
T |8 | 3 | B mu | ey vem | B g
3500 { 18.831 { .069 %00 { .00OL 18.637| -.c15 | s00 | -.0000
3700 | 18.901 | .159 Too .ooozg"}:l.o 18.575| -.087 700 | -.0000243
TABLE V
Load-Deflection Data
Initial Defleotion at Oenter Support =0.T47 inoches.
Upper Span Lower Span
P Pl = 3000 1b. Pl = 3000 1b.
¥y = 17.605 in. ¥ = 17.490 in.
1
() Y -7
N AL P B = N s T s B =
(in.) ] (in.) } (1b) (1n/1b) (in,) § (1n,) |} (2D} (1n/15)
3000 | 17.60 o ) 17.490] o© o
3200 | 17.61 .009 | 200 |0.0000450 | 17.463] -.027 200 |-0.0001350
3400 | 17.635 | .0%0 | 400 .0000750 § 17.422] -.068 400 | -.0001700
HEARYEIE ki B IE
3650 | 17,818 | 213 | 650 | .o003277 | 17.226] -.2648 | 650 2 000R06
TABLE VI
Losd-Defleotion Data
Initial Defleoctlion at Oenter SBupport 1.013 inches.
T Upper Span Lower Span
&-SMID- Pl-mlb-
b 4 ,1 = 19.010 in. ,1 w 18.902 in.
(1b) y 1 y-nfen } 15 y rn § Py gl
(1n.) { (1n.) §Q2D) § (4770 (in.) | (an.) | (D) (1n11%)
3000 § 19. 0 o 18. o 0
3200 13% .07 200 }0.00013%0 m.g -.ggg 200 |-0.0000250
3400 § 19. .070 400 «0001 18.880% -. 400 | -.00005
19.111 | .101 gg . 18.856§ ~.046 ?68 -.0000920
% 19.13 .1 .0002650 | 18.804| -.098 ~.00016;
3650 }§ 19.2 .2 650 .0003754 §} 18.739] -.163 650 -.oooesg

.4,5,8



SABLE VII
Load~Deflection Data
Initial Deflection at Qenter Bupport -=1.020 inches.

Tables 7,8

T

Upper Spsn Lower Bpan
P; = 3000 1b. B = 3000 1b.
P ¥1 = 1T7:393 in. ¥ = 17.274 ia.
- T
(1)) | rnlralIn y jvn | R T
(in.) § (1n.) {{1v) i Em (in.) { (in.) § (1b) ( IlbIE
3000 . 0 0 17.274] O 0
3900 ﬂ%g .003 200 Jo.0000150 | 17.241 -.ggg 200 {-0.0001
3300 § 17.026 | .023 &00 .0000575 § 17.193}) -. 400 | -. 5
3500 § 17.450 | .057 500 .0001. 17.150] -.124 500 -. 0002480
gggg 17.499 | .106 600 -O001T6T 075 =, 600 -.000%331.7
17.566 | 173 650 o 16.996] -.278 650 --0002271
TABLE VIIX
BSummary of Oritiocal Loads
Predicted From Load-Deflection Data.
Initial P P P P P
or or or or - or
2:’%?,‘::“ Upper Lower | Average | Upper Lower
Support Span Span Span Bpan
(1in.) (1b) (1b) {1b) (1b)
0 3858 3850 3854 8
453 3868° 3789%% | 3829 79
— AAT 33t | 3830° 3802 -57
749 3897" 3757 | 3827 140
—.THT 3127**| 38m° 3779 ~104
1.01 3890* .- 3812 157
-1.023 3737** | 3872t 3805 =135

*Deflected on buckling so as to deepen the initial deflection
ourve of the.span.

*s*Deflected on buckling so as to straighten out and reverse the
initial deflectlon ocurve of the span.
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RACA

Figure 1.- Test
sot-
up showing col-
unn with ini-
tial deflection
at center sup-
port of 0.749
inch before
loading.

Fig.1l

300.000 -POUND
HYDRAULIC
COMPRESSION
TESTING
MACHINE
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Figure 2.~ Test

set-
up showing col-
unn with ini-
tial deflection
at center sup-
port of 0.749
inch approach-
ing critical
loead.

Laca-r827

Fig.2

300,000 -POUND
HYDRAULIC
COMPRESSION
TESTING
MACHINE
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300.000 -POUND
HYDRAULIC
COMPRESSION
TESTING
MACHINE

Figure 3.~ Test

set-
up showing cel-
umn with ini-
tial deflection
at center sup-
port of 0.749
inch at, or
past, maximum
load.
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HACA Pig.4.
Posltlive deflection
Reference I
line
Upper
pupport
T 1
i/ah
Deflection l
readinge l
taken a2t thi - T _;1n ——nRigii
point in :
Jolnts supporting
upper span ¢ 5
Initial \ If \ ’ptructure i/2 n
deflec~ p v
tion at . _N‘/ \J
center . / f {7 2 Center
support- - |- ] ' support
I ] .. _StAff
Deflection I strut 3/+n
readings |
taken at thid— f— — — v -
point in |
lower span |
h=677/8 in.
P v
Position with Lower
no deflection support

Figure 4.- Diagrammatic sketcn of test specimen.
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Figures 5,7.-
Graphs of load-
Span deflection data:
m— —>{" Fig.5, no initial

-l deflection at cen-
ﬂ,*”r ,55‘/' ter support; Fig.7,
-~ ,7' initial deflection
I‘F/ e o~ at center support,
| -0.447 inch.
12 16 20 24 0 04 .08 72 16 20
v
Figure 5.- . Figure 7.-
1~
= e
//" / Figure 11.- Graph of load-deflection data.
— Initial deflection at center
1 support, -1.020 inches. '
P
- Jé .16 20 o4 28
7 )
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/ Span
0008 = —
/t/ x———[ Ower
23 = =
.0002 ,/'// ,,/”4
i >
T T
.000/ -
,A/' /’/,//7
> 7
0 of 08 72 .16 20 2 04 .08 12 16 20
Figure 6.- Graph of load-deflection data. Figure 8.- Graph of load-deflection data.
Initial deflection at center Initial deflection at center
support, 0.453 inch. _ 20 a¢ support, 0.749 inch. -
.0004
~
/;ﬂr 2 su?’ el ‘
1= ——Lower
7 ,/’//
0003 s "
= L =
' AN ge
.m /'I' 7 ,rl
. /’ / // '/'/
.000/ ";>/7” ’//// ¥~
// /
= 4
0 of 08 12 76 0 o4 .08 72 16 20 of
vV

Figure 9.- Graph of load-deflection data.
Initial deflection at center
support, -0.747 inch.

Figure 10.- Graph of load-deflection data.
Initial deflection at center
support, 1.013 inches.
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NACA . Figs.12,13.
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Figure 12.- Variation of difference in predicted eritical
load with initial deflection of the center

support.
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N
- /1N
/ | I\
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-8 ~ 0 7] .8
Initial deflection of cenfer support,in.

Figure 13.- Variation of average predicted critical load
with initial deflection of center support.
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